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1 H-1D NMR spectra of labeled/non-labeled hammerhead ribozymes Figure S5 . Effects of the concentration of Mg 2+ and group I intron Figure S6 . Effects of 5'-GMP concentration Figure S7 . Effects of reaction temperature Figure S8 . Scale-up of the guanosine transfer reaction Figure S9 . Ligation reactions with various ligases Figure S10 . Optimization of ligation conditions Figure S11 . Sample preparation of the single residue-labeled 76-nucleotide RNA molecule (hXBP1 mRNA (516-591)) Figure S12 . The H1-N1 cross section of the 1 H-15 N HSQC spectrum of the single-residue labeled 76-nucleotide RNA Figure S13 . One-dimensional 1 H NMR spectra of the non-labeled/single-residue labeled 76-nucleotide RNA Figure S14 . Adenosine transfer reaction Figure S15 . The sequence and the putative secondary structure of the 3'-fragment precursor which inhibited the guanosine transfer reaction 2 Figure S1 . General self-splicing reaction pathway of group I introns. The internal guide sequence (IGS) and anti-IGS are highlighted with blue and pink backgrounds, respectively. The 3' exon with ωG and the remainder of the sequence are colored in green and black, respectively. External guanosine and its binding site within the intron are colored in red. When using the cis-acting group I intron for a guanosine transfer reaction, the external guanosine will be introduced at the 5'-end of the intron itself (state II) (39, 44) . To obtain 5'-end labeled RNA fragments from this group I intron, its 5' sequence needs to be cleaved at the appropriate site, which requires extra steps. However, when using the trans-acting group I intron, this cleavage step can be skipped, and 5'-end labeled RNA can be derived immediately after the guanosine transfer reaction as shown in Figure 1b . blue, respectively. In the substrate-bound state (blue), twin peaks were observed. One of these two peaks overlapped with the original peak of the substrate-free form (red). As one of possibility, the overlapped peak would correspond with the substrate-free form, and the other peak would arise from the substrate-bound form. As another possibility, the ribozyme-substrate complex may have a structural polymorphism. In the substrate (inhibitor) strand, the C17 residue at the cleavage site was substituted with 2'-O-methylcytidine to prevent the cleavage reaction with the hammerhead ribozyme (Figures 2a and   3a ). The results suggest that the optimal temperature range for this reaction is 48-58 °C (lanes 1-9), whereas the reaction was completely inhibited in higher temperatures (lanes 10-15). In order to gain high turn over number of the reaction, we chose relatively high temperature for its optimization. All reactions were carried out at 58 °C and followed the general procedure described in Materials and
Methods. In this study, reaction volume was scaled up to 3.0 mL without any activity loss of group I intron. 
